The increasing antimicrobial resistance worldwide, combined with dwindling antimicrobial armamentarium, has resulted in a critical threat to the public health and safety of patients. To combat this hazard, antimicrobial stewardship programs (ASPs) have emerged. Antimicrobial stewardship programs prevent or slow the emergence of antimicrobial resistance by coordinated interventions designed to optimize antimicrobial use to achieve the best clinical outcomes and limiting selective pressures that drive the emergence of resistance. This also reduces excessive costs attributable to suboptimal antimicrobial use. Even though an ideal effective ASP should incorporate more than one element simultaneously, it also requires a multidisciplinary team, which should include an infectious diseases physician, a clinical pharmacist with infectious diseases training, infection control professionals, hospital epidemiologist, a clinical microbiologist and an information specialist. However, for antimicrobial stewardship (AMS) programs to be successful, they must address the specific needs of individual institutions, must be built on available resources, the limitations and advantages of each institution, and the available staffing and technological infrastructure.
INTRODUCTION
Antimicrobial resistance is increasing worldwide and there are fewer antimicrobials being developed to treat these resistant organisms. [1] [2] [3] [4] [5] [6] [7] Given the paucity of novel antibiotics being developed, the need to preserve the effectiveness of our current antimicrobial armamentarium has never been greater. There is an urgent requirement to reduce selection pressure on today's agents by more prudent choice of antibiotic, by reducing transmission of multidrug resistant organisms through effective infection control systems to prevent cross transmission of organisms, and by optimizing drug exposure through better adherence to proven treatment regimens. The Centers for Disease Control and Prevention (CDC) estimates that in the United States over 2 million people acquire antibiotic resistant infections each year with an estimated cost of 20 billion dollars (threat report). [8] This is a global problem, with many examples of the rapid spread of new resistances between continents. [1, 9, 10] Unfortunately, we lack the surveillance systems, the policy methods and resources to tackle it. The paucity of basic information about prescribed antibiotic use is compounded by the fact that antibiotics are used across the world in animal feed and without a prescription. Practical strategies of control are particularly needed in low-and middle income countries. Because of increasing resistance rates, morbidity/mortality, and escalating costs, antimicrobial stewardship (AMS) programs are increasingly recognized as an essential practice element for health care institutions. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Antimicrobial Stewardship Programs (ASP) have been shown to decrease costs, decrease infection rates with multidrug resistant organisms and C. difficile, decrease length of stay, and improve patient outcomes. Also, effective AMS programs can be financially self-supporting. [27, 28] Need for an microbial stewardship? In 2013, CDC issued the threat report with a goal to increase public awareness of the danger that multidrug resistant organisms present us and urged that action be taken to address the growing threat of these organisms. The threat report estimates that in the United States more than two million people will acquire an antibiotic resistant infection yearly and 23,000 will die as a result. This costs an estimated 20 billion dollar to the US economy. 250,000 people require hospitalization for C. difficile each year and mortality rose 400% between 2000 and 2007. Rates of multidrug resistant organisms are rising. A 2012 review article by Savard and Perl [29] described the emergence of multidrug resistant (MDR) Enterobacteriaceae as a global health concern. MDR Enterobacteriaceae rates have increased annually in the United States. The emergence of New Delhi Metallo-β-lactamase in multiple countries is well documented. [10] Unfortunately, New Delhi Metallo-β-lactamase organisms have been found in tap water and sewage in India, thus making intestinal colonization possible outside of a hospital setting. While the rates of MDR organisms are rising, the rate of new antibiotics being developed to target these organisms is painfully slow. The Infectious Diseases Society of America (IDSA) has identified Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species (ESKAPE) pathogens as a target of new antibiotic initiatives. Because the number of new antibiotics developed continues to decline against these gram negative organisms, the IDSA has launched the 10 × 20 initiative. The IDSA stresses that the antibiotic pipeline crisis can be solved by the collaboration of global leaders to develop creative incentives that will stimulate new antibacterial research and development. The aim is to develop a sustainable global antibacterial drug research and development enterprise in order to develop ten new, safe and efficacious antibiotics by 2020. An update issued by the IDSA in 2013 demonstrated that while some progress is being made in the development of antibiotics targeting gram negative bacteria, overall progress is slow. [7] This reinforces the need to protect current available antibiotics with stewardship and infection prevention measures.
Benefi ts of an microbial stewardship programs
The IDSA defines AMS as coordinated interventions designed to improve and measure the appropriate use of antimicrobials by promoting the selection of optimal antimicrobial drug regimen, dose, duration of therapy, and route of administration. [13] The goal of the intervention is to improve patient outcomes in addition to minimizing antimicrobial resistance, and the collateral injury from the overuse of antibiotics such as C. difficile. IDSA began publishing guidelines for antimicrobial usage in 1988.
Standiford et al., described a successful AMS program that consisted of having an infectious disease (ID) pharmacist and ID physician at a large academic medical center. The goal was to identify ineffective or excessive antibiotic coverage, discontinue unnecessary double coverage, and conversion from IV therapy to oral antibiotics wherever possible. There was a cost reduction of three million dollars within the first three years. However when the program was discontinued, there was a 32% increase in costs within two years. [15] Even in rural hospitals without an infectious diseases specialist, stewardship programs can be successful. Yam et al. described the implementation of AMS program at a rural hospital where an ID physician and an ID pharmacist were not available. A multidisciplinary team was established that identified six antimicrobials with a high potential for misuse. A key part of the program was the participation of a remotely located ID physician specialist in a weekly case review teleconference. A weekly case review teleconference was held with an infectious disease physician. This relatively simple intervention was shown to decrease antibiotic costs, decrease C. difficile infection rates, improvements in infection control. [30] Even a thrice weekly review performed by a pharmacist was found to have 37% reduction in total antimicrobial expenditures. [31] The IDSA issued guidelines for developing ASM programs in 2012. Among the recommendations was a to build multidisciplinary team consisting of an ID physician and ID trained pharmacist along with using measures such as formulary restriction and preauthorization, de-escalating therapy, dose optimization, parenteral to oral conversion and education. [13] Studies have shown that the absence of a pharmacist from an ASM program resulted in increased use of restricted antibiotics, increased duration of antibiotics, and increased C. difficile infections during the period of absence by the pharmacist. [24, 32] It has been suggested that when starting an AMS program, try to start with simple obtainable targets such as formulary restriction, parental to oral conversion, selective reporting by the microbiology laboratory and therapeutic substitutions. These measures require few resources and have shown to result in significant cost savings. [33] Goff et al., [33] showed that in their ASM program, selecting simple attainable targets that included intravenous-to-oral conversions, batching of intravenous antimicrobials, therapeutic substitutions, and formulary restrictions, provided early successes, with a substantial cumulative annual cost savings of $832,590. Other strategies have been, restriction of newer agents or review of antimicrobial management of disease states in which there is potential for overuse, such as management of asymptomatic bacteria because it is often over treated. [34] Newer techniques for enhancing AMS programs have included the use of molecular methods for rapid and reliable identification of various organisms directly from blood culture bottles within minutes. [35] Perez et al. showed that this technology improved time to optimal therapy. In the study during the intervening period, the average turnaround time for final culture identification and antimicrobial susceptibility results was a full day quicker compared with the pre-intervention study group (24.4 vs. 47.1 hours, respectively; P < 0.001). This resulted in earlier initiation of active, targeted antimicrobial therapy which resulted in improved patient outcomes (decreased length of stay and decreased mortality) and reduced healthcare expenditures. [36] Strategies for AMS The strategies are broadly divided into two categories: (1) Prior authorization strategies: These are based on restricting access to some formulary of antibiotics in an institution. The use of the antibiotics requires prior authorization from an individual or a committee. [13, [37] [38] [39] [40] This strategy can lead to immediate and significant reductions in antimicrobial use and cost and may be beneficial as part of a multifaceted response to a nosocomial outbreak of infection. However, the use of preauthorization requirements as a means of controlling antimicrobial resistance is less clear, and in some circumstances, use may simply shift to an alternative agent with resulting increased resistance. The negative impact of this strategy is the suggestion that physicians, to circumvent the process of seeking prior approval, were using alternative antibiotics that were frequently inappropriate choices. [41] The individual preauthorization of a specific agent to be used in an individual patient is generally done by the Infectious Disease Consultative Service of the institution. The agents restricted are those with potential for overuse or high cost.
(2) Prospective audit and feedback strategies: In this strategy, either an ID physician or pharmacist audits antimicrobial use and performs changes and interventions as needed. This strategy is limited by the logistic challenge of identifying patients receiving inappropriate antibiotics, availability of knowledgeable staff to perform reviews and the physician's willingness to accept recommendations.
In addition to these two core antimicrobial stewardship strategies, the supplementary activities of a successful AMS program include:
• Education: This is designed to influence prescribing behavior and can provide a foundation of knowledge that will enhance and increase the acceptance of stewardship strategies. • Guidelines and clinical pathways: The development of evidence based practice guidelines incorporating local microbiology and resistance patterns can improve antimicrobial utilization. [32, [42] [43] [44] [45] [46] • Antimicrobial substitution or cycling: [47] [48] [49] [50] [51] It is a strategy suggested to curb the development of resistant hospital acquired infections. In this strategy, antibiotic classes are switched or alternated over time. This can be compared with a mixing program in which, when given two drugs, half of the physicians prescribe one drug over the other. Chow et al. use a mathematical model of antimicrobial cycling in a hospital population setting to evaluate the efficacy of a cycling program with an emphasis on reducing the emergence and significance of dual resistance. The model also considered the effects of physician compliance and isolating patients harboring dual resistant bacteria. Simulation results showed that the optimal antimicrobial drug usage program in hospital populations depends upon the type of resistance being targeted for treatment; a cycling program is more effective against dual resistance compared with mixing. Patient isolation and high compliance to a cycling program is also shown to dramatically decrease dual resistance in hospitalized populations. The substitution of agents has been shown to reduce resistance to a particular class of drug. However, there is not sufficient data to recommend the routine use of antimicrobial cycling as a means of preventing or reducing antimicrobial resistance over a prolonged period of time.
• Antimicrobial order forms and electronic monitoring: Antimicrobial order forms can be an effective component of AMS and can facilitate implementation of practice guidelines. With newer electronic medical records, incorporation of alerts for use of drugs is increasingly used as reminders for appropriate use or to trigger monitoring. [44, [52] [53] [54] [55] • Combination therapy: There is insufficient data to recommend the routine use of combination therapy to prevent the emergence of resistance. Combination therapy does have a role in certain clinical contexts, including use for empirical therapy for critically ill patients at risk of infection with multidrug-resistant pathogens. • Streamlining or de-escalation of therapy: Streamlining or de-escalation of empirical antimicrobial therapy on the basis of culture results and elimination of redundant combination therapy can more effectively target the causative pathogen, resulting in decreased antimicrobial exposure and substantial cost savings. [56] [57] [58] [59] [60] [61] • Dose optimization: It is an important part of stewardship to optimize the dosing of antimicrobials.
• Parenteral to oral conversion: Development of clinical criteria and guidelines to switch to oral agents of antimicrobials with excellent bioavailability, when the patient's condition allows. If the agent is bioavailable and the patient has a functioning gastrointestinal tract, the agent can be safely substituted.
• Automatic stop orders issued to stop antimicrobial agents used empirically or perioperatively. A "time out" for reconsideration of agents has also been suggested and • Allergy de-labeling [62] is an integration of antibiotic allergy de-labeling, as imprecise antibiotic allergy labeling is associated with increased antibiotic costs, antimicrobial use, risk of acute care admission, and mortality.
An ideal effective AMS program should incorporate more than one element simultaneously into the program. It also requires a multidisciplinary team, which should include an ID physician, a clinical pharmacist with ID training, infection control professionals, hospital epidemiologist, a clinical microbiologist and an information specialist. The latter plays an important role in linking the patient's medical record to the pharmacy and microbiology databases, to identify interventions and to perform surveillance activities. However, for AMS programs to be successful, they must address the specific needs of individual institutions and be built on available resources, the limitations and advantages of each institution, and the available staffing and technological infrastructure.
Global impact: The future
Antimicrobial resistance is a global threat. Its emergence rests on antimicrobial overuse in humans and food-producing animals; globalization and suboptimal infection control facilitate its spread. While aggressive measures in some countries have led to the containment of some resistant gram-positive organisms, extensively resistant gram-negative organisms such as carbapenem-resistant enterobacteriaceae, Mycobacterium tuberculosis and pan-resistant Acinetobacter spp. continue their rapid spread. Antimicrobial conservation/stewardship programs have seen some measure of success in reducing antimicrobial overuse in humans, but their reach is limited to acute-care settings in high-income countries. Both horizontal and vertical infection control measures can interrupt transmission, but many of these are costly and essentially limited to high-income countries as well. Novel antimicrobials are urgently needed; however, in recent decades pharmaceutical companies have largely abandoned antimicrobial discovery and development given their high costs and low yield. International and cross-disciplinary collaboration appears to be gaining interest, although specific strategies still need to be defined. Educational programs targeting both antimicrobial prescribers and consumers must be further developed and supported. The general public must continue to be made aware of the current scale of the antimicrobial resistance threat. To address this issue, an improvement to antibiotic stewardship and recognition that this is a global health issue is essential. The prescribing behavior of healthcare practitioners is affected by many factors including demands from patients because the effect of antibiotic use extends beyond individual patients. There is a public health imperative for use to be closely monitored and a balance needs to be struck between limiting the availability of antibiotics and ensuring timely treatment for severe infections. Such a balance is difficult in countries with advanced healthcare systems but is more difficult in resource-limited settings. However, the increasing resistance shown by Enterobacteriaceae, originating in developing countries, shows that resistance is a serious threat not only in these countries but can spread globally. Concerted global action is needed to tackle this problem and, at the same time, ensure equity of access to effective treatments. Strategies in under-resourced countries need to be practical, need to include availability of microbiologic tests, better infection control, education programs for providers and guidelines for use of agents appropriately.
Consequences of stewardship
Cost savings are not and should not be the primary ambition of an AMS program. Cost savings are a natural consequence of improved patient outcomes by decreasing unnecessary antibiotic use, increasing adherence with antimicrobial treatment principles, and improving antimicrobial dose, timing and duration and reduced antimicrobial use. As shown in a study by Moellering, [3] AMS can prevent the selection of antimicrobial resistant bacteria, prevent hospital acquired infection (HAI) such as C. difficile (CDI), lead to improved patient safety and outcomes, and decrease hospital costs.
CONCLUSION
Antimicrobial resistance is not new and it is not going away. Development of new antimicrobial drugs remains alarmingly slow, while resistance rates are rapidly increasing. Antimicrobial stewardship programs are essential for the maintenance of current antibiotics but have also been shown to decrease infection rates of multidrug resistant organisms and C. difficile, improve patient outcomes and length of stay, as well as reduction of costs. Effective AMS programs can be financially self-supporting and improve patient care. Administrative support and collaboration with other services are key components of an AMS program. The recognition that resistance is a global issue and that we have a shared interest in addressing the problem is crucial. Antimicrobial resistance is as serious a challenge in India, as it is globally. To tackle this problem in India, "A Roadmap to Tackle the Challenge of Antimicrobial Resistance" known as the "Chennai Declaration" was established in 2012 in Chennai, India. This Declaration aims to initiate efforts to formulate a national policy to control the rising trend of antimicrobial resistance (AMR), after consultation with all relevant stakeholders and to take all possible measures to implement the strategy. The aim is to establish an implementable antibiotic policy. This should include in-hospital antibiotic monitoring, audit and feedback of antibiotic use, which should be conducted by an antibiotic stewardship team. Measures should be taken to step up microbiology laboratory and a Hospital Infection Control Committee should be established. This coordinated approach at a national and local level would improve the use of antimicrobial medications and enhance patient health outcomes, reducing resistance to antibiotics, and decreasing unnecessary costs.
